Objective. Maternal near-miss defines a narrow category of morbidity encompassing potentially life-threatening episodes. The purpose of this study was to detect nearmiss instances among women admitted to intensive care units or coronary units, analyze associated causes, and compute absolute and specific maternal morbidity rates in six Italian regions. Design. Observational retrospective study. Setting. Six Italian regions representing 49% of all resident Italian women aged 15-49 years. Population. The study population included all pregnant women aged 15-49 years admitted to intensive care units or coronary care units in the participating regions. Cases were defined as women aged 15-49 years resident in the participating regions, with one or more hospitalizations in intensive care for pregnancy or any pregnancy outcome between 2004 and 2005. Methods. Cases were identified through the Hospital Discharge Database. Enrolled cases were diagnosed according to the 9 th International Classification of Diseases. Main outcome measure. Maternal nearmiss rate (number of women experiencing an admission to intensive care units/all women with live or stillborn babies). Results. A total of 1259 near-miss cases were identified and the total maternal near-miss rate was 2.0/1000 deliveries. Seventy percent of the women were admitted to intensive care units or coronary units after a cesarean section. The leading associated risk factors were obstetric hemorrhage/disseminated intravascular coagulation (40%) and hypertensive disorders of pregnancy (29%). Conclusions. Monitoring of near-miss morbidity in conjunction with mortality surveillance could help to identify effective preventive measures for potentially life-threatening episodes.
Introduction
According to the World Health Organization 'there is a story behind every maternal death or life-threatening complica-tion. Understanding the lessons to be learnt can help to avoid such outcomes' (1). Near-miss and severe acute maternal morbidity are two interchangeable terms for a severe, lifethreatening obstetric complication. In the area of maternal health, the concept of 'maternal near-miss' is of increasing interest as a useful means to monitor the quality of hospitalbased obstetric care. There are different, but compatible, definitions of near-miss (2-4). All of them define a narrow category of morbidity encompassing 'potentially life-threatening episodes' . There is no worldwide recognized gold standard available to define near-miss, and the surveillance of maternal morbidity and its relation to mortality must be refined.
A World Health Organization systematic review (5) summarized three distinct approaches to identifying severe acute maternal morbidity. The intervention-based criteria that we adopted, which is intensive care unit or coronary unit admissions, enabled the cases to be easily identified retrospectively.
As maternal deaths are becoming rare in high-income countries (6) , near-miss has been suggested as a better indicator of maternity care than mortality (7) (8) (9) (10) (11) . As noted by the Euro-Peristat report (12) we also strongly believe that pregnancy-related mortality, as well as severe morbidity ascertainment, remains unsatisfactory in Italy as well as in other developed countries. In Italy, the leading causes of direct deaths are hemorrhage and thromboembolism, followed by hypertensive diseases in pregnancy (13) , suggesting the need for an improvement in the quality of care. We performed this study to improve efforts to prevent avoidable maternal deaths and near-miss cases and also suggest the use of confidential enquiries and clinical audit procedures in detected maternal near-misses. In fact, given the level of medical skill and technology available today, there is room for improvement in the handling of emergencies and life-threatening maternal complications. The primary aim of this study was to compute the absolute number of near-miss cases and the rate of near-miss cases associated with delivery and induced abortion in a population-based regional study. We also estimated the maternal near-miss mortality ratio defined as the ratio of maternal near-miss cases to maternal deaths, and computed relative risks by age, educational level, immigrant status and mode of delivery.
Material and methods
This study is part of a large study of maternal mortality in Italy (13) . It involves six regions located in northern (Piedmont and Emilia-Romagna), central (Tuscany and Lazio) and southern (Campania and Sicily) Italy. The women of reproductive age resident in these regions represent 49% of all resident women aged 15-49 years. The study period was the years 2004 and 2005. The study population included all pregnant women aged 15-49 years admitted to intensive care units or coronary care units in the participating regions. The source population included all women aged 15-49 years resident in the participating regions. The hospitals' discharge databases were used to identify cases and also the number of women who gave birth. Maternal transport logs were used to identify women who were transferred to intensive care units or coronary units at another hospital or within the same hospital.
According to the International Statistical Classification of Diseases and Related Health Problems 10 th Revision, we adopted the following definition of near-miss: 'a woman who nearly died but survived a complication that occurred during pregnancy, childbirth or within 42 days of termination of pregnancy' (14) . In our study, a near-miss case was defined as a women with one or more hospitalizations in an intensive care unit or a coronary care unit during pregnancy, childbirth or within 42 days of termination of pregnancy. Women admitted to an obstetric tertiary health care center were not included in the study. Cases of maternal mortality were excluded from the study population.
The maternal near-miss rate within 42 days of delivery was calculated as follows: the number of women admitted to intensive care units or coronary care units after delivery, divided by all women with live or stillborn babies after 26 weeks of gestation. Hospital discharge databases giving the number of women delivering one or more live or stillbirths in the participating regions were used for maternal near-miss rate denominators.
The induced abortion near-miss rate was calculated as follows: the number of women admitted to intensive care unit or coronary care unit after a voluntary abortion, divided by the number of induced abortions. In Italy, voluntary abortion has been legal since 1978. The law permits abortions in the first 90 days of gestation for a broad range of health, social and psychological reasons. After the 90 th day of gestation, abortion is allowed only for medical reasons. Abortions can be performed only in public or authorized private facilities. National data are available through a national surveillance system, which has been active since 1982 (15) . The maternal near-miss rate within 42 days of delivery was also calculated by woman's age, mode of delivery, nationality and, for the Lazio and Piedmont Regions, level of education because other regions did not collect such data.
We also estimated the maternal near-miss mortality ratio, which is the ratio of maternal near-miss cases to maternal deaths (16) . This indicator was computed only for Emilia-Romagna, Tuscany, Lazio and Sicily because mortality data for the study period were not available for Piedmont or Campania.
Women's nationality was classified as Italian or foreign. The specific country of origin of foreign women was not considered. Mother's educational level was defined as low for education of ≤8 years and high if ≥9 years, but this was available only for Lazio and Piedmont. The source of information of women's age, educational level, nationality and mode of delivery (vaginal or cesarean section) was the hospital discharge database.
We described the associated causes of near-miss cases using the International Statistical Classification of Diseases and Related Health Problems, 9
th Revision. The attribution of the underlying cause of near-miss was decided by a group of experts at the Italian National Institute of Health (Istituto Superiore di Sanità). Additional procedures were also used, such as checking multiple diagnoses, in the case of more than one hospitalization of a woman.
Relative risks (RR) with 95% confidence interval (95%CI) were estimated for the maternal near-miss rates stratified for woman's age, educational level, mode of delivery and nationality. The data were analyzed using the Statistical Package, SPSS version 17.0. The project was approved by the national ethics committee of the Istituto Superiore di Sanità.
Results
During the study period, there were 539 382 deliveries in the participating regions. Among these, 4% were multiple deliveries. A total of 1259 near-miss cases that occurred during pregnancy, childbirth or within 42 days of termination of pregnancy were identified using the intensive care unit or coronary unit admissions. The mean age at the time of near miss diagnosis was 32 years. There were 1102 near-miss cases associated with delivery, 18 with induced abortion and the remaining 139 occurred during pregnancy or within 42 days of termination of pregnancy.
The total maternal near-miss rate was 2.0/1000 deliveries (0.9 in Campania; 4.5 in Piedmont). The abortion near-miss rate was 0.13/1000 voluntary abortions (18/139 045).
The maternal near-miss rate was 2.8/1000 among women aged ≥35 years of age, and 1.8/1000 in women aged <35 years (RR = 1.6; 95%CI 1.4-1.8). The maternal nearmiss rate was higher among women who delivered by cesarean section (3.7/1000) than among women who had a vaginal delivery (0.7/1000), RR 5.3 (95%CI 4.6-6.1).
The maternal near-miss rate among immigrant women was higher (3.0) than that of Italian women (1.9) (RR 1.6; 95%CI 1.3-1.9). Mother's educational level for Lazio and Piedmont showed a near-miss rate for a low level of 2.6 compared with 2.0/1000 for women with a high educational level (RR 1.3; 95%CI 0.9-1.7). Figure 1 shows the obstetric condition associated with severe maternal morbidity: the majority of the women (70%) were admitted to intensive care unit or coronary unit after a cesarean section. The factors associated with near-miss cases are shown in Figure 2 . The leading causes were obstetric hemorrhage/disseminated intravascular coagulation (40%) and hypertensive disorder of pregnancy (29%). There were 147 near-miss cases due to obstetric hemorrhage (30%), 70 cases of disseminated intravascular coagulation (14%), 54 cases of placental abruption (11%), 35 cases of placenta previa (7%), 24 cases of ectopic pregnancy (5%), 21 cases of placental retention (4%), 21 cases of uterine rupture (4%), 21 cases of miscellaneous (4%) and 124 cases of unknown cause (25%). The risk factors associated with hypertensive disorder of pregnancy were preeclampsia (59%, 219 cases), eclampsia (28%, 105 cases) and pregnancy hypertension (13%, 47 cases). Among the 1259 women admitted to an intensive care unit or coronary unit with a major obstetric morbidity, 1253 (99%) underwent one or more blood transfusions, 241 (19%) a hysterectomy and 82 (7%) a laparotomy or laparoscopy. Figure 3 shows the distribution of factors associated with near-miss among women who underwent a first (n=728) or repeated (n=149) cesarean sections. The proportion of the selected complications was always higher in cases of repeated surgical delivery compared with first cesarean section. Table 1 shows the maternal near-miss mortality ratio in four regions. Differences by region were evident, with higher values of the maternal near-miss mortality ratio in EmiliaRomagna and Tuscany, which are located in northern Italy 
Discussion
Accurate classification of near-miss morbidity is the first step in analyzing factors that may differentiate survival from death on the continuum from morbidity to mortality. Our study detected a maternal near-miss rate of 2.0 per 1000 deliveries in the participating regions. The main immediate causes were obstetric hemorrhage/disseminated intravascular coagulation and hypertensive disorder of pregnancy. The limitations of this study are the retrospective design and the enrolment of only the near-misses admitted to intensive care units and coronary units. We are aware that the accuracy of using intensive care unit and coronary unit admissions as a surrogate for near-miss cases depends on the availability and accessibility of intensive care units and coronary unit beds, and that this approach underestimates the real prevalence of the phenomena. In the participating regions, all provinces had intensive care units and coronary units with 0.5-0.7 beds per 1000 women aged 15-49 years. Other authors have not found differences between women who were and were not admitted to intensive care units (17) . Moreover, compared with the approach based on the diagnosis of clinical conditions, the inclusion of procedures such as intensive care unit admission seems to be more reliable in avoiding under-ascertainment of some maternal conditions (18) . Although ideally the definition of maternal near-miss should be based on organ dysfunction (5), the WHO 2005 global survey on maternal and perinatal health (19) supports the use of selected conditions such as intensive care units admissions to explore the concept of near-miss. Two studies (8, 17) concluded that only about one-third of women with severe acute maternal morbidity are transferred to intensive care, possibly because many obstetric facilities can and do provide high level of care. Therefore, the maternal near-miss rate found in this study underestimates the real figure. Because the hospital discharge database is an administrative source with frequent misclassification in reported diagnosis, in our study the proportion of near-miss cases with an unknown cause was high. Nevertheless, the strengths of this study in terms of external validity are the population-based design, the location of the participating regions in the North, Center and South of the country, and the fact that the enrolled resident women of reproductive age represent 49% of all resident Italian women aged 15-49 years.
A World Health Organization systematic review found that, internationally, the prevalence of severe acute maternal morbidity ranged from 0.80 to 8.23% in studies that use disease-specific criteria and from 0.01 to 2.99% in studies using management-based criteria (5) . The maternal near-miss rate of 2.0/1000 deliveries detected in our study was in accordance with the reported prevalence data, as well as with the range of incidences of near-miss in women admitted to intensive care units in high-income countries (12, 17, 20) .
The mean age of 32 years detected in this study for women with severe morbidity was similar to the mean age reported recently by Zwart (17) . As more women delay childbearing in Italy, where the proportion of delivering women ≥35 years rose from 9% in 1981 to 29% in 2007 (21), the increased risks associated with pregnancy among older women has become a problem for the health system. Moreover, the increase in the proportion of immigrant women of reproductive age and in newborns from immigrant parents, which nowadays exceed 12% of total births in Italy (22) , also represents a new challenge for the health system (23) . In fact, in our analyses both the women's older age and their being immigrants were associated with a significantly higher risk of obstetric severe morbidity.
In our study, women who underwent a cesarean section had a fivefold RR of 5.3 of becoming a near-miss compared with those who delivered vaginally, in accordance with recent studies from the Netherlands and Finland (24, 25) . Unfortunately, although the data made it possible to distinguish spontaneous vaginal births and cesarean sections, the reasons for cesarean section could not be identified, although the association is certainly confounded, as cesarean delivery could be the consequence of the underlying potentially life-threatening disease for which the mother was admitted, rather than the risk factor. Nevertheless, cesarean section is an independent risk factor for maternal morbidity and mortality as compared with vaginal delivery, even when performed before labor (26) . Moreover, data presented in Figure  3 highlight the higher risk of severe obstetric complications among women who undergo repeated cesarean section compared with first cesarean section. Italy has the highest European rate of cesarean sections, 38% for the year 2008, with enormous variability among geographical areas and regions (27). The proportion of cesarean section ranged from 24 to 32% in Tuscany, Emilia-Romagna and Piedmont and rose to 43% in Lazio, 53% in Sicily, and 60% in Campania (27). Clearly, a considerable proportion of cesarean section deliveries in Italy are for non-clinical reasons and the proportion of women who deliver vaginally after one or more cesarean sections is still very low: 12% at the national level (27). It is therefore important that health professionals are aware of the increased risk of serious morbidity for women who deliver by cesarean section for non-clinical reasons (28) . Women must be informed that repeated cesarean sections are associated with a higher risk of abnormal placentation and subsequent morbidity.
In this study, maternal obstetric hemorrhage and hypertensive disorders of pregnancy were the leading causes for near-miss cases, as reported in other recent studies (17, 19) . All of these associated factors should be preventable, to a large extent, and may indicate the need for an improvement in the quality of care. Previous studies have even proposed hemorrhage among all causes of maternal deaths as an indicator of the appropriateness of emergency obstetric care (29) .
The higher maternal near-miss mortality ratios reported among the regions located in northern Italy compared with those located in central and southern Italy implies a problem of inappropriateness of care related to women's geographical residence. In fact, the North of the country had lower percentages of cesarean sections (27), lower maternal mortality ratio (13) , and lower perinatal mortality rate compared with the South (21).
Conclusion
Incorporation of near-misses into confidential enquiry systems may yield important data on maternal care. The identification of incident cases would enhance data quality and allow comparisons between institutions, regions and countries. We therefore believe that the monitoring of near-miss morbidity, in conjunction with mortality, may help to identify possible risks for death, and may be an important mechanism for identifying effective preventive measures to improve maternal health practice.
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